BENCHMARKS
The use of yeast as a research tool became especially popular with the development of the yeast two-hybrid (Y2H) assay, which is a powerful tool for the detection of specific proteinprotein interactions. Several versions of the Y2H system have been developed. All variations of this method demand the large-scale transformation of yeast with cDNA library plasmids (1) . Transformation of yeast with plasmid DNA can be achieved by several methods, such as agitation with glass beads (2) , spheroplast preparation (3), treatment with lithium acetate (4), or electroporation (5) . The most popular and commonly used is lithium acetate transformation was developed by Ito et al. (6) and modified by Gietz and Woods (7) . The standard Y2H library protocols for an average mammalian cDNA library (10 6 primary independent clones) and maximal colony density 5/mm 2 require plating of more than fifty 150-mm plates (8) . In addition to being laborious and having problems in maintaining sterility, the inevitable overgrowth of marginal colonies near the plate edge causes loss of uniformity across the library.
Here we present a protocol for the large-scale transformation of yeast in a semi-solid agarose medium that does not require plating. The protocol allows for the growth of transformed cells as separate colonies in the volume of semi-solid medium. The protocol is optimized for lithium acetate transformation, gives high transformation efficiency, and provides an equal growth environment for each colony, thereby faithfully preserving the integrity of the primary library. It also allows yeast library propagation with a significantly higher colony density. The protocol was developed on the basis of several published techniques (7-10) and requires fewer reagents when compared to other approaches.
Working with DupLEX-A™, a LexA-based Y2H system (OriGene Technologies, Rockville, MD, USA), we successfully used this protocol for the EGY48 strain (MATα, his3, trp1, ura3, 6 LexAop-LEU2) transformed with different pEG202-based bait plasmids and a reporter plasmid pSH18-34 (10) . Using this protocol, we managed to achieve transformation efficiencies of 0.25-1 × 10 6 /µg of library DNA or 2-8 million independent colonies/400 mL of the semi-solid agarose medium. Therefore, this protocol allowed us to cover an average cDNA library with just one or two bottles of semi-solid medium (400 mL each).
All reagents used were from Sigma (St. Louis, MO, USA) except the low melting point agarose (Invitrogen, Calsbad, CA, USA) and dimethyl sulfoxide (DMSO; VWR, West Chester, PA, USA). Culture media reagents as well as carrier DNA were from Bio101 (Vista, CA, USA). Procedures were performed according to the protocol described below.
The plating DOB-His-Ura-Trp medium consisted of Drop Out Base (DOB) medium, which was completed with selective (-His-Ura-Trp) Brent Supplement Mixture (BSM), 2% fructose, and 0.1% low melting point agarose. We have observed that the addition of 2% fructose (but not raffinose or glycerol) helps to lower the background and to facilitate colony visualization in the low melting point agarose medium. All components were mixed on a magnetic stirrer in a final volume of 400 mL of double-distilled water. The solution was microwaved until all components were dissolved and subsequently autoclaved for 7 to 8 min (126°C, 1.7 bar). Alternatively, the medium was prepared from concentrated filter-sterilized stocks, autoclaved 1% agarose, and prewarmed sterile water. The temperature of the agarose medium was adjusted to 40°C in a water bath for 1 h.
Transformation of yeast was carried out as described in Table 1 (steps 1-11). Plating medium prepared as described above was mixed with transformed cells by stirring for 1 min and then allowed to solidify on ice for 1 h. The bottle cap was loosened, and growth was continued at 30°C for 36-48 h. Preliminary tests with both aerobically and anaerobically grown yeast showed no difference in recovery rate. Incubation time depended on the density of the inoculated cells and the growth rate. The appearance of microcolonies as a fine-grain structure in the agarose medium was used as the end point for the incubation. The cells were collected as described in Table 1 (steps [12] [13] [14] .
A small aliquot (1%) of treated cells from step 11 ( Table 1 ) was taken to calculate the efficiency of transformation by the plating assay. Briefly, 10 µL of cell suspension were diluted 100 times with sterile water and spread as follows: 10 µL, 50 µL on yeast peptone dextrose (YPD) plates, and 200 µL, 500 µL on DOB plus BSM-His-Ura-Trp plates. Colonies were counted after 24 h at 30°C.
It is important to note that agarose will precipitate together with yeast cells at step 14 of Table 1 , which will increase the volume of the pellet up to 100 mL. Therefore, washing and vigorous vortex mixing should be repeated at least three times to release most yeast cells from agarose clogs. The final volume was reduced 10 times by aspirating the excess agarose from above the hard cell pellet. The vast excess of cells allows the loss of some, while aspirating the agarose in order to get a more concentrated library stock.
At the final step, a small aliquot of cell suspension was taken for measuring cell density in a cell counting chamber. The information on cell density is very helpful for further Y2H screening. Amplified cells were stored in 25% glycerol (1-2 × 10 7 cell/mL) at This protocol has been successfully used in several Y2H screens in our laboratory. A number of positive clones have been isolated by screening mouse embryo libraries (OriGene Technologies) and HeLa and colon tumor libraries (Invitrogen) with bait plasmids for S6K, PTEN, and A33 ( Table 2) .
The proposed protocol was validated by comparison to the traditional plating method (10) and showed significant similarities in the pattern of identified binding partners (Table  3) . We have found both methods to be equally efficient and that specific growth conditions do not influence colony development at the early log stage. All positives compared were confirmed in a mating assay. Moreover, some of the identified interactions have been confirmed in mammalian cells and published (11) (12) (13) (14) . 3. Inoculate 120 mL yeast peptone dextrose (YPD) medium to A 600 = 0.3 and cultivate for 3 h at the same conditions to get an A 600 approximately 0.7-0.8.
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Collect cells by centrifugation (1000× g
) at room temperature for 5 min and resuspend in 50 mL of 1× Tris-EDTA (TE).
5. Repeat the centrifugation and resuspend the cell pellet in 10 mL TE/lithium acetate (LiAc) buffer (10 mM Tris-HCl, pH 7.5, 1 mM EDTA, 100 mM LiAc), incubate at 32°C with shaking at 100 rpm for 30 min. Collect the cells in the same way and resuspend in TE/LiAc Buffer to total volume 400 µL.
6. Thoroughly mix the prepared cell suspension with 40 µg of denatured salmon sperm carrier DNA (5 mg/mL) and 8 µg library plasmid DNA in a 5-mL polystyrene tube.
7. Add 2.4 mL of TE/LiAc/polyethylene glycol (PEG) (10 mM Tris-HCl, pH 7.5, 1 mM EDTA, 100 mM LiAc, and 40% PEG 3350) to the cell-DNA suspension and mix well by inverting. Incubate at 30°-32°C for 30 min without shaking.
8. Mix cell suspension with 320 µL dimethyl sulfoxide (DMSO) by gentle swirling and place in a water bath for 5 min at 42°C.
9. Immediately mix the heat-shocked cells with 100 mL of YPD medium and incubate at 32°C for 1 h with shaking at 250 rpm.
10. Collect cells by centrifugation at 1000× g for 5 min at room temperature and resuspend in 50 mL of water.
11. Centrifuge again under the same conditions as in step 10 and resuspend the cells in 1 mL of water. Take 10 µL of treated cells to estimate the efficiency of transformation. Add to 400 mL of low melting point agarose medium, pre-equilibrated to 40°C. Stir the medium gently for 1 min at room temperature and transfer the bottle to an ice-water bath for 1 h.
12. Incubate the loosely capped bottle with cells at 30°C for 36-48 h.
13. Agitate the medium well by shaking the bottle and stirring vigorously for 5 min.
14. Centrifuge the cell-agarose mixture at 8000× g for 20 min at room temperature and remove the supernatant by aspirating. Vortex mix the cell-agarose loose pellet very vigorously, suspend it in 400 mL of water, and centrifuge at 8000× g for 20 min at room tmperature. Aspirate the supernatant from above the loose agarose pellet. Repeat the procedure 3 times.
15. Resuspend the cell pellet in an equal volume of sterile 50% glycerol, freeze in 1-mL aliquots, and store at -70°C.
PCR is sufficiently sensitive to detect single copy genes from single cells. This extreme sensitivity is also the basis of one of its potential problems; even a single product molecule from a previous amplification can lead to a false positive result. Substituting dUTP for dTTP during PCR and treating subsequent reactions with uracil-DNA glycosylase (UDG) prior to amplification is one strategy for limiting carryover contamination (1). However, total elimination of contaminants is not always accomplished using this technique, particularly where PCR product length is short (2), which is a common situation in realtime PCR assays. In addition, there is the possibility, particularly when the initial sample contains only one or a few target molecules, that inclusion of UDG may reduce amplification efficiency and thereby delay or prevent detection.
As a first step toward implementing a general protocol for using UDG at the level of single copy genes in single cells, we investigated conditions for preventing contamination during amplification of a 133-bp segment within the multicopy testis-specific protein gene (TSPY) from single male lymphocytes. Cell lysis and real-time PCR with molecular beacons were carried out as described previously (3), except that the extension step of thermal cycling was increased to 30 s and the dTTP was replaced with dUTP at a 3-fold higher concentration. The resulting PCR product contained 27 uracil residues in the sense strand and 28 uracil residues in the antisense strand.
Initial experiments compared the efficiency of amplification in the presence of dUTP or dTTP in terms of the mean detection cycle (C T ) value (i.e., the point at which the molecular beacon fluorescence intensity reaches a threshold of 200 U) and the final fluorescence after 45 cycles. Amplification plots are shown in Figure 1A . The mean C T values of 33.9 and 34.4 for dUTP and dTTP samples, respectively, were in the range of values previously observed using single lymphocytes, reflecting the presence of approximate 30 copies of the TSPY gene on the Y chromosome (3). The differences in mean C T value and mean final fluorescence between the two sample groups were not statistically significant (P > 0.05). Thus, substitution of dUTP (at 3× concentration) for dTTP did not reduce amplification efficiency for this sequence. Similarly, the use of dUTP did not significantly alter amplification efficiency of a 175-bp segment of U2, another multicopy gene (3) (data not shown). The U2 PCR product contained 26 uracil residues in the sense strand and 37 uracil residues in the antisense strand.
Next, we tested the effect of UDG (from Roche Applied Science, Indianapolis, IN, USA) on the efficiency of TSPY and U2 amplification, since some enzyme activity remains after 10 min at 95°C (a typical inactivation step) (4). Theoretically, residual enzyme activity might degrade a fraction of the PCR product during each annealing step of the subsequent PCR and might, thereby, delay or prevent signal detection. Samples (all containing dUTP) with or without UDG were incubated at 95°C for 10 min prior to thermal cycling. Real-time detection of TSPY amplification is shown in Figure 1B . Mean C T values and final fluorescence were not significantly altered by the presence of UDG (P > 0.05). Similarly, amplification of U2 was not significantly affected by the presence of UDG (data not shown). It should be noted that the annealing temperature used for these amplifications was 58°C, and additional tests may be warranted
